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(57) ABSTRACT

A testing module for use with a gas detector, includes a
plurality of gas inlets and outlets, each outlet being in fluid
connection with one of the inlets. Each of the outlets 1s
adapted to mate with and form a fluid connection with one of
the 1nlets of a second like testing module. Gases can then flow
from the outlets of the testing module 1nto the inlets of the
second like testing module. A gas container module for use
with a gas container, includes a plurality of gas inlets and
outlets, each inlet being in fluid connection with one of the
outlets. Each of the inlets 1s adapted to mate with and form a
fluid connection with one of a the outlets on a second like gas
container module. Gases can then flow from the outlets of the
second like gas container module into the inlets of the gas
container module.
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DEVICES, SYSTEMS AND METHODS FOR
TESTING OF GAS DETECTORS

BACKGROUND OF THE INVENTION

The present invention relates generally to devices, systems
and methods for the testing of gas detectors, and especially, to
devices, systems and methods for calibrating or testing a
response ol one or more gas sensors of one or more gas
detectors to one or more analyte test gases.

Gas detectors including one or more gas sensors (for
example, electrochemical gas sensors, combustible gas sen-
sors, etc.) are well known for monitoring for potentially haz-
ardous gases 1n various environments. Generally, gas from the
environment to be monitored comes 1nto contact with the
sensors(s) within the detector by diffusion or by forced tlow.
Electronics within the detector convert the output signal from
the sensor(s) into one or more signals representative of a gas
concentration. The sensor output per unit amount of gas can
vary with time and hence periodic calibration 1s required to
ensure that the detector reading 1s accurate.

Currently, sensors of gas detectors are calibrated by pass-
ing a calibration gas having known, fixed compositions of one
or more analyte gases from a compressed gas cylinder into the
detector, thereby displacing ambient air within the detector
and exposing the sensor(s) to the calibration gas. The calibra-
tion gas 1s allowed to flow until the sensor output reaches a
steady state. Since the calibration gas has a known composi-
tion, the output signal from each sensor of the gas detector can
be adjusted to provide an accurate measure of analyte gas
concentration. Excess calibration gas tlows out of the detec-
tor. In the interval between full calibrations, an intermediate
test (sometimes referred to as a bump test) can be performed
to ensure that a sensor or instrument 1s responding to a spe-
cific analyte test gas. As used herein, the term “testing” refers
generally to all types of analysis of the operation of a gas
detector and includes, for example, tull calibration and bump
testing.

Safe commercial practice dictates that sensors within a gas
detector be tested, including calibrated, at a minimum accord-
ing to the manufacturer’s recommendations. Various calibra-
tion/testing systems and methods have been developed to
facilitate gas detector testing. Gas detector calibration/testing
systems are disclosed, for example, 1n U.S. Pat. Nos. 5,239,
492, 4,854,133 and 35,655,894, European patent No. EP 1 342
082 discloses a calibration system for use with a portable gas
detector.

Moreover, several calibration/testing systems are commer-
cially available 1n the United States. For example, the
MICRODOCK™ automatic test and calibration station avail-
able from BW Technologies of Canada provides a calibration
and bump testing station for the GasAlertMicro™ multi-gas
detector. One 1nlet 1s provided for ambient air, and another
inlet 1s provided for connection to a single pressurized gas
cylinder. As described 1n the MicroDock Automating Test and
Calibration Station User Manual (2103) available from BW
Technologies, multiple gas detector docking modules can be
connected to the system. However, test gas can flow to only
one connected docking module at a time and thus only one gas
detector can be calibrated at any one time. Also, the TIM®
Total Instrument Manager calibration/testing system 1s avail-
able from Mine Safety Appliances Company of Pittsburgh,
Pa., which provides, among other functions, full calibration
and bump testing for several Mine Safety Appliances Com-
pany gas detectors, including multi-gas instruments and
single gas monitors.
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Although strides have been made 1n facilitating testing of
gas detectors, anumber of problems still persist. Among other
problems, currently available calibration systems can require
time consuming changes 1 connections of gas cylinders and
gas detectors as well as changes in test conditions to test a
single or multiple gas detectors with one or more test gases.

It thus remains desirable to develop improved (for
example, more automated) devices, systems and methods for
testing of gas detectors.

SUMMARY OF THE INVENTION

In one aspect, the present invention provides a testing mod-
ule for use with a gas detector, including: a housing; a seating
connected to the housing and adapted to operably connect the
gas detector to the testing module; a plurality of gas imlets
connected to the housing, each gas inlet adapted to pass a gas
therethrough; and a plurality of gas outlets connected to the
housing, each gas outlet being in fluid connection with one of
the gas inlets. The plurality of gas outlets are configured on
the housing in generally the same configuration as the plural-
ity of inlets are configured on the housing. Further, each of the
plurality of outlets 1s adapted to mate with and form a fluid
connection with one of a plurality of 1nlets of a second like
testing module. Once such fluid connections are made, gases
can flow from the outlets of the testing module into the inlets
of the second like testing module.

The testing module can further include a communication
system to recerve information and/or to transmit information.
The communication system can be provided to transmit and
receive communications between the testing module and the
second like testing module when connected. The testing mod-
ule can also include a data input system and a data output
system. The testing module can further include a tlow control
system adapted to provide flow from at least one of the plu-
rality of inlets to the gas detector.

In one embodiment, the plurality of inlets are configured 1n
a generally linear configuration. Each of the plurality of inlets
can, for example, include a barbed connector.

In another aspect, the present invention provides a gas
container module for use with a gas container, including: a
housing; a seating connected to the housing and adapted to
receive the gas container; a plurality of gas inlets connected to
the housing, each inlet adapted to pass a gas therethrough; and
a plurality of gas outlets connected to the housing. Each inlet
1s 1n fluid connection with one of the outlets. The plurality of
inlets are configured on the housing 1n generally the same
configuration as the plurality of outlets are configured on the
housing. Each of the plurality of inlets 1s adapted to mate with
and form a fluid connection with one of a plurality of outlets
on a housing of a second like gas container module. Once
such fluid connections are made, gases can flow from the
outlets of the second like gas container module 1nto the 1nlets
of the gas container module.

The gas container module can further include a gas con-
tainer conduit 1n fluid connection with one of the outlets at a
first end thereof. The gas container conduit 1s adapted to form
a connection with the gas container at a second end thereof.
The gas container module can also include a demand regula-
tor 1n fluid connection with the second end of the gas con-
tainer conduait.

In one embodiment there are at least X inlets I, through I
and at least X+1 outlets O, through O__,. The first end of the

x+1°
container conduit 1s 1n fluid connection with outlet O,, and
cach inlet I, 1s 1n flmd connection with outlet O,_,. In one
embodiment, there are at least two inlets I, and I, and at three

outlets O, through O, wherein the first end of the gas con-
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tainer conduit 1s 1n fluid connection with outlet O,, mlet I, 1s
in fluid connection with O, and 1nlet I, 1s 1n fluid connection
with outlet O;. In one embodiment, the outlet O, 1s adapted to
mate with and form a fluid connection with inlet I,' of the
second like gas container module and outlet O, 1s adapted to
mate with and form a flmd connection with inlet 1,' of the
second like gas container module. The gas container module
of can further include a connector to mate with and form a
connection with outlet O,. The gas container module can also
include an air inlet connected to the housing and being 1n fluid
connection with an air outlet connected to the housing The air
inlet 1s adapted to mate and form a fluid connection with an air
inlet of the second like gas container module.

The gas container module can further include a communi-
cation system. In one embodiment, the gas container includes
a sensor 1n communicative connection with the communica-
tion system. The sensor 1s adapted to read data from the gas
container.

In one embodiment, the plurality of inlets are arranged in a
series on a first section of the housing of the gas container
module and the plurality of outlets are arranged 1n a series in
a second section of the housing of the gas container module.
The gas container module can also include a container con-
duit 1n fluid connection with one of the outlets at a first end.
The container conduit 1s adapted to form a connection with
the gas container at a second end thereof. Each of the plurality
of inlets 1s 1n fluid connection with one of the plurality of
outlets such that when a plurality of like gas container mod-
ules are connected 1n a series, a gas exiting each outlet 1s
determined by a position 1n the series of gas container mod-
ules of the one of the gas container modules seating a corre-
sponding gas container.

In still a further aspect, the present invention provides a gas
detector testing system, including at least one testing module
for use with a gas detector as described above and at least one
gas container module for use with a gas container as described
above. In one embodiment, the testing module includes: a
testing module housing; a seating connected to the testing
module housing and adapted to operably connect the gas
detector to the testing module; a plurality of inlets connected
to the testing module housing, each inlet adapted to pass a gas
therethrough; and a plurality of outlets connected to the test-
ing module housing, each outlet being in fluid connection
with one of the gas inlets. As described above, the plurality of
outlets are configured on the testing module housing 1n gen-
crally the same configuration as the plurality of inlets are
configured on the testing module housing. Each of the plu-
rality of outlets 1s adapted to mate with and form a fluid
connection with one of a plurality of 1nlets of a second like
testing module. Once such fluid connections are made, gases
can flow from the outlets of the testing module 1nto the 1nlets
of the second like testing module.

In this embodiment, the gas container module, includes: a
gas container module housing; a seating connected to the gas
container module housing and adapted to receive the gas
container; a plurality of gas inlets connected to the gas con-
tainer module housing, each gas inlet adapted to pass a gas
therethrough; and a plurality of gas outlets connected to the
gas container module housing, each gas inlet being in fluid
connection with one of the gas outlets. The plurality of gas
inlets are configured on the gas container housing in generally
the same configuration as the plurality of gas outlets are
configured on the gas container housing. Each of the plurality
of gas ilets 1s adapted to mate with and form a tluid connec-
tion with one of a plurality of gas outlets on a gas container
housing of a second like gas container module. Once such
fluid connections are made, gases can flow from the gas
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outlets of the second like gas container module 1nto the gas
inlets of the gas container module.

The plurality of inlets of the testing module are also con-
figured on the testing module housing 1n generally the same
configuration as the plurality of gas outlets are configured on
the gas container module housing. Further, each of the plu-
rality of inlets of the testing module are adapted to mate with
and form a fluid connection with one of the gas outlets of the
gas container module. Once such tluid connections are made,
gases can flow from the gas outlets of the gas container
module into the 1nlets of the testing module.

BRIEF DESCRIPTION OF THE DRAWINGS

Other aspects of the invention and their advantages will be
discerned from the following detailed description when read
in connection with the accompanying drawings, 1n which:

FIG. 11llustrates a side perspective view ol an embodiment
of a testing module of the present invention with an embodi-
ment of a battery pack in alignment for connection therewith.

FIG. 2 A 1llustrates a perspective view of the testing module
of FIG. 1 with the access door thereof 1n an open state.

FIG. 2B illustrates a perspective view of the testing module
of FIG. 1 with the access door thereof 1n an open state with a
gas detector placed 1n operative connection therewith.

FIG. 3A 1llustrates a side perspective view of the testing
module of FIG. 1 from the opposite side of FIG. 1 and a side
view ol the battery pack of FIG. 1.

FIG. 3B illustrates a side perspective view of the testing,
module of FIG. 1 from the opposite side of FIG. 1 with an
embodiment of an end cap 1n alignment for attachment
thereto.

FIG. 4 1llustrates a schematic diagram of an embodiment of
a testing system of the present invention in which three gas
container modules of the present invention and two testing
modules of the present invention are connected 1n series.

FIG. 5A 1illustrates a front view of the testing system of
FIG. 4.

FIG. 5B 1llustrates a side perspective view one of the gas
container modules of FIG. 5A.

FIG. 5C 1llustrates a side perspective view one of the gas
container modules of FIG. 5A from the opposite side of FIG.

5B.
FIG. 6 A illustrates a perspective view of an embodiment of
a testing system of the present invention resting on a surface

in which two gas container modules and two testing modules
are connected 1n series, and a network communication mod-

ule 1s connected to the end or last testing module of the series.

FIG. 6B 1llustrates a schematic diagram of the testing sys-
tem of FIG. 6A.

FIG. 7A illustrates a front view of a gas container module
of the present imnvention in alignment for connection to a
testing module of the present mnvention.

FIG. 7B illustrates a schematic diagram of a gas container
module of the present invention connected to a testing module
ol the present invention, to which a battery pack 1s connected.

FIG. 8A 1illustrates a schematic diagram of gas flow
through a gas container module of the present invention.

FIG. 8B illustrates a schematic diagram of gas tflow
through three gas containers modules of the present invention
connected 1n series.

FIG. 9 illustrates a schematic diagram of a testing module
of the present invention showing, among other things, com-
munication paths between connected testing modules,
between a testing module and a gas detector in operative
connection with the testing module, between a testing module
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and a connected memory card and between a testing module
and a network via a network interface.

FIG. 10 illustrates a gas container module of the present
invention 1n operative connection with a pair of DIN rails for
mounting on a vertical surface.

DETAILED DESCRIPTION OF THE INVENTION

In general, the devices, systems and methods of the present
invention are discussed using representative embodiments 1n
which three test gases and air are transported through the
system of the present invention for the testing of gas detec-
tors. One skilled 1n the art appreciates that the devices, sys-
tems and methods of the present invention are readily
expanded to use more than three test gases and air. Likewise,
the devices, systems and methods of the present invention are
discussed using representative embodiments of systems 1n
which a single gas container module as described herein 1s
connected to a single testing module as described herein, orin
which two or three gas container modules (connected in
series) are connected to one testing module or to two testing
modules (connected 1n series). One skilled 1n the art appreci-
ates that the devices, systems and methods of the present
invention are readily expanded to connect more than three gas
container modules of the present invention and more than two
testing modules of the present invention.

FI1G. 1 1llustrates an embodiment of a gas detector testing,
module 10 of the present mmvention. Test stand or testing
module 10 includes a plurality of inlets on a first side 22 of a
housing 20 thereof. In the embodiment of FIG. 1, testing
module 10 includes four inlets 30, 40, 50 and 60 arranged
generally along a line at predetermined, unique positions
(unique vertical positions 1n the orientation of FIG. 1) on
housing 20. One skilled 1n the art will appreciate that virtually
any number of inlets 1n a variety of configurations can be
provided in the present invention. In the embodiment of FIG.
1, inlets 30, 40, 50 and 60 can, for example, comprise V5 inch
barbed connectors as known 1n the gas connection arts. Inlets
30, 40, 50 and 60 are surrounded by a connecting and pro-
tecting tlange 24, the operation of which 1s discussed below.

Testing module 10 further includes data input and output
systems. For example, a pass indicator 70 and a fail indicator
72 (for example, LED indicators) are provided to indicate to
an operator 1 a gas detector 1n operative connection with
testing module 10 has passed or failed a particular test. Like-
wise, a display 74 1s provided to display information to an
operator. In the embodiment of FIG. 1, a menu of commands
1s provided on display 74 through which an operator can
scroll and choose a command or commands using down, up
and enter controls 76, 78 and 80, respectively. Housing 10
turther includes a hinged access door 26 through which a gas
detector 300 can be placed 1n a seating 29 of testing module
10 for operative connection with testing module 10 (see, for
example, FIGS. 2A and 2B). Housing 20 can further include
a latch system 27 as known in the art to maintain access door
26 1n a closed state.

FIG. 3A illustrates a second side 28 of housing 20. As
illustrated in FIG. 3 A, testing module 10 includes four outlets
32,42,52 and 62, which can, for example, include cooperat-
ing connectors or ports suitable to form a flmd connection
with the 15 1nch barbed connectors (or other connectors) so as
to form a generally sealed fluid connection with inlets 30, 40,
50 and 60, respectively, of a second like testing module 10a
(see, for example, FIG. SA). Outlets 32, 42, 52, and 62 are
surrounded by a connecting flange 24'.

Asillustrated in, for example, FIG. 4, first inlet 30 1s 1n fluad
connection with first outlet 32 via fluid path or conduit 34,
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second mlet 40 1s 1n fluid connection with second outlet 42 via
fluid path or conduit 44, third inlet 50 1s 1n fluid connection
with third outlet 52 via fluid path or conduit 54, and fourth
inlet 60 1s 1n fluid connection with fourth outlet 62 via a fluid
path or conduit 64. FIG. 4 1s a representative and somewhat
idealized schematic diagram 1llustrating flow elements, paths
and connections of an embodiment of a testing system of the
present mvention. The relative dimensions and positions of
such flow element, paths and connection are not representa-
tive of such dimensions and positions as, for example, 1llus-
trated 1n other figures herein.

Testing module 10 can operate alone or 1n connection with
one or more other testing modules. As illustrated, for
example, in FIGS. 4 and SA, testing module 10 can be con-
nected to another testing module 10a which includes a like
housing 20a. In several embodiments, the exterior housings
ol the testing modules of the present invention were 1dentical.
However, the physical and electrical connections within dii-
ferent housings can be diflerent to operate with diflerent gas
detectors. Likewise, the flow path from the test gas flow
conduits within the housing to the gas detector to be tested can
vary between testing modules. For example, 1n FI1G. 4, testing
module 10 1s designed to operate with a gas detector 300 in
which test gas reaches a sensor or sensors within gas detector
300 via forced tlow created by a pump (not shown) within gas
detector 300. As illustrated 1n FI1G. 4, a pressure sensor can be
placed 1n fluid connection with the flow path to the gas detec-
tor to ensure that the gas detector pump 1s operating correctly.
Testing module 10a (for which, the tluid path from conduits
34a, 44a, 54a, and 64a 1s shown only partially) includes a
pump 1n the flow path to a detector 310 seated therein to
ensure the flow of test gas to the detector 310 1n which (during
field operation) test gas reaches a sensor or sensors within gas
detector 300 via diffusion flow. In the embodiment 1llustrated,
for example, in FIG. 4, solenoid controlled valves S1, S2 and
S3 of testing module 10 are used 1n a manner known 1n the
flow control arts to control which gas flows to gas detector
300. Various gas detectors, including, for example, the
SOLARIS® Datalogging Multigas Detector, the SIRIUS®
Multigas Detector and the ORION® Datalogging Multigas
Detector, all available from Mine Safety Appliances Com-
pany, have been tested using the systems of the present inven-
tion. In such detectors, air can be used as a control or com-
parison gas during calibration.

In testing modules 10 and 10q as illustrated 1n FIG. 4, the
flow paths within the testing modules between gas tlow con-
duits 34, 44, 54 and 64 and gas detector 300 and between 34a,
d4a, 54a and 64a and gas detector 310 include connections to
cach flow conduit. However, one or more testing modules of
the present invention can be provided in which the tlow path
within the testing module between the test gas flow conduits
and the gas detector does not have connections to all the test
gas flow conduits.

As 1llustrated in FI1G. 4, each testing module can be pro-
vided with a controller. Software for operation of the testing
module can, for example, be stored 1n a memory that 1s 1n
operative connection with a microprocessor. Data can, for
example, be input 1nto a software program of a testing module
to, among other things, define which test gas flow conduit
includes the appropriate test gas to be used 1n testing the gas
detector that 1s operably connected to the testing module.

In general, like components of testing module 10a are
numbered similarly to corresponding components of testing
module 10 with the addition of the designation “a”. When
testing module 10 1s in operative connection with testing
module 10a, as illustrated, for example, 1n FIGS. 4 and SA,
outlets 32, 42, 52 and 62 of testing module 10 are placed 1n
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fluid connection with inlets 30a, 40a, 50a and 60a, respec-
tively, of testing module 10a enabling gas to pass freely from
conduits 34, 44, 54 and 64 to conduits 34a, 44a, 54a and 64a,
respectively. Should testing module 10qa be the last in a series
of connected testing modules, flow terminators 36a, 46a, 56a
and 66a (1or example, rubber caps) can be placed upon outlets
32a, 42a, 52a and 62a, respectively, as 1llustrated 1n FI1G. 4.
Alternatively, another testing module (not shown) can be
attached to testing module 10a by connecting the inlets of the
additional testing module to outlets 32a, 42a, 52a and 62a of
testing module 10a. As an alternative to the use of flow
terminators, normally closed check valves (not shown) as
known 1n the art can be provided 1n fluid connection with the
outlets of each testing module. In general, the outlet check
valves of a first testing module remain closed until inlets of a
second like testing module are mated with, and thereby
placed 1n fluid connection with, the outlets of the first testing
module.

Flange 24' of testing module 10 1s adapted to connect to
flange 24a of testing module 10a. Flanges 24' and 24a can be
secured using a connector (for example, a screw which passes
through aligned holes 25" and 24a 1n flanges 24' and 24a,
respectively) to secure the connection between testing mod-
ule 10 and testing module 10a. In addition to providing a
secure connection, cooperating flanges 24' and 24q also act to
protect connected elements (for example, flow elements such
as the inlets and outlets described above, intermodule com-
munication elements and intermodule power eclements)
encompassed thereby.

By connecting testing modules of the present invention in
series as described above, sensors of multiple gas detectors
can be tested (for example, 1n an automated, simultaneous
fashion) using multiple sources of test gas which are attached
to the inlets of the first testing module of the series of testing,
modules. As 1llustrated, for example, in FIGS. 4 through 7B,
in several embodiments of the present invention, one or more
gas container or gas cylinder holding modules 210 are used to
deliver test gas and/or air to one or more of the testing mod-
ules of the present invention. As 1illustrated, for example, in
FIG. 7A, 1n one embodiment, gas container module 210
includes a housing 220 supporting four inlet connectors 230,
240, 250 and 260 on a first side 222 thereof. Inlets connectors
230, 240, 250 and 260 can, for example, include 3 inch
barbed connectors as known 1n the gas connection arts. As
described more fully below, inlet connector 260 does not
operate as a gas inlet, but only as a connector when connect-
ing to another like gas container module. Inlet connectors
230, 240, 250 and 260 are referred to generally herein as
inlets. Inlets 230, 240, 250 and 260 are positioned in generally
the same configuration as inlets 30, 40, 50 and 60 of testing
module 10 (as well as 1n generally the same configuration as
the inlets of other like testing modules). Inlet connectors 230,
240, 250 and 260 are surrounded by a connecting tlange 224
including connecting elements 225 (for example, screw
holes).

Gas container module 210 also includes four outlet con-
nectors or outlets 232, 242, 252 and 262 on a second side 228
thereot. Outlets 232, 242, 252 and 262 can, for example,
include connectors suitable to form a fluid connection with
the barbed connectors of inlets 230, 240, 250 and 260 of
another gas connector module or with the barbed connectors
of inlets 30, 40, 50 and 60 of testing module 10 (or with the
inlets of another like testing module of the present invention).
Outlets 232, 242, 252 and 262 are positioned in generally the
same configuration as outlets 32, 42, 52 and 62 of testing
module 10 (as well as 1n generally the same configuration as
the outlets of other like testing modules). Outlets 232, 242,
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252 and 262 are surrounded by a connecting tlange 224
including connecting elements 225' (for example, screw
holes).

In one embodiment as 1llustrated in FIGS. 8A and 8B, inlet
230 1s connected to outlet 232 via a fluid path or conduit 234.
Outlet 242 1s 1n fluid connection with a condwt 246 (for
example, flexible tubing) at a first end of conduit 246. At a
second end, conduit 246 1s 1n fluid connection with a demand
regulator 248 (see, for example, FIGS. 3A, 8A and 8B), which
1s adapted to be connected to a pressurized gas cylinder 400 as
known 1n the art. Housing 220 of gas container module 210
includes a retainer 226 that can be shaped and dimensioned to
securely hold gas cylinder 400 therein. Inlet 240 1s connected
to outlet 252 via a fluid path or conduit 244. Inlet 250 1s
connected to outlet 262 via a fluid path or conduit 254. Final
inlet 260 includes a cooperating connector as described
above, but 1s not connected to any fluid path or outlet. Once
again, bottom or final inlet 260 operates merely as a connector
to mate with outlet 262 of another gas container module 210
and can be excluded 1n an alternative embodiment. Indeed, 1in
FIG. 5B, gas container module 210 is 1llustrated without inlet
260.

In the illustrated embodiment, conduit 234 of connected
gas container modules 210 (via connected inlets 230 and
outlets 232) transport air to conduits 34 and 34a of testing
modules 10 and 10aq, respectively. Gas container module 210
for test gas 1 (contained in cylinder 400) 1s attached to first
testing module 10 of the series of connected testing modules.
In each of gas container modules 210, the test gas cylinder
connected thereto 1s 1n fluid connection with second (count-
ing outlet 232 as the first merely for reference) outlet 242. In
the case of gas container module 210 for test gas 1 (subse-
quently referred to as first gas container module 210) con-
nected to first testing module 10 of the series of connected
testing modules, second outlet 242 1s connected to second
(counting 1nlet 30 as the first) inlet 40 of testing module 10,
thereby transporting test gas 1 through second conduits 44
and 44a of testing modules 10 and 10a, respectively. As
second 1nlet 240 of each of gas container modules 210 1s 1n
fluid connection with third outlet 252 thereof via conduit 244,
test gas 2 1s transported from outlet 242 of second gas con-
tainer module 210 (through 1nlet 240 and conduit 244 of first
gas container module 210) to third outlet 252 of first gas
container module 210, and thereby through third conduits 54
and 54a of testing modules 10 and 10a, respectively. Once
again, as second inlet 240 of each of gas container modules
210 1s m fluid connection with third outlet 252 thereof via
conduit 244, test gas 3 1s transported from outlet 242 of third
gas container module 210 (through 1nlet 240 and conduit 244
of second gas container module 210) to third outlet 252 of
second gas container module 210, and thereby through third
inlet 250 of first gas container module 210. As third inlet 250
of each of gas container modules 210 1s 1n fluid connection
with fourth outlet 262 thereof via conduit 254, test gas 3 1s
transported from third inlet 250 of first gas container module
210 (through conduit 254 of first gas container module 210) to
fourth outlet 262 of first gas container module 210, thereby
transporting test gas 3 through fourth conduits 64 and 64a of
testing modules 10 and 10a, respectively.

This cascading flow algorithm can be repeated for addi-
tional gas container modules connected 1n series (and turther,
to additional testing modules connected 1n series) simply by
providing more 1nlets, outlets and connecting conduits. In the
case of the gas container modules, the first inlet and outlet can
be dedicated to the flow of ambient air. Likewise, the second
outlet of a gas container module can be dedicated to the flow
of gas from a gas cylinder 1n operative connection with that
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gas container module. For the second inlet, third inlet, fourth
inlet etc., a flmd connection can be made between the inlet
and the subsequent outlet (that 1s, the third outlet, fourth
outlet, fifth outlet etc., respectively). In other words, referring
to, for example, the second 1nlet as 1, and the third outlet as
O,, inlet I, 1s 1n fluid connection with outlet O, , for each gas
container modules wherein x 1s greater than or equal to 2. For
a total of X+1 outlets, there need be only X 1nlets as one outlet
1s dedicated to the gas container seated 1n the gas container
module.

In the 1llustrated embodiments, the resulting “cascading”™
flow through a plurality of gas container modules connected
in series results 1n ambient air being transported through
outlet O, of the first gas container module (that 1s, the gas
container module connected to the first of the series of testing
modules). GasY 1s transported through outlet O, , ot first gas
container module, wherein Y designates the position of the
gas container module 1n the series of connected gas container
modules (that1s,Y 1s 1 for the first gas container module, 2 for
the second gas container module etc.).

Of course, other flow configuration can be used. For
example, the last inlet/outlet pair can be dedicated to air, and
cascading tlow can occur 1n the inlets and outlets above the air
flow. The air flow inlet/outlet pair can also be positioned
clsewhere. Moreover, virtually any geometry or configura-
tion other than a generally linear alignment of 1nlets/outlets
can be used. For example, inlets and outlets can be placed 1n
a generally circular arrangement with cascading tlow occur-
ring around the circle 1n a manner as generally described
above.

In one embodiment, each of the testing modules of the
present invention 1s provided with a power connection, which
can be powered via AC power form a power outlet. DC power
can be provided, for example, from a vehicle module con-
nectible to a vehicle battery or via DC power from a battery
back 90 as illustrated, for example, 1n FIGS. 1 and 3A. In this
embodiment, battery pack 90 includes four batteries 92a, 925,
92¢ and 92d (which can be rechargeable) retained within
battery back 90 via a retainer 94. An electrical connector 96
on battery pack 90 forms an electrical connection with a
cooperating connector 82 (see FIGS. 1 and 3A) of testing
module 10 (or a like testing module). The housing of battery
pack 90 1s adapted to connect to flange 24' of testing module
10 1n a manner similar to that described above for connection
of flange 24' to flange 24a. In certain embodiments, battery
pack 90 can be used 1n connection with only a single testing
module. However, suitable electrical power connections can
be provided between testing modules so that a single battery
pack can power multiple testing modules connected 1n series.

Testing module 10 (and like testing modules) can be pro-
vided with a communication slot 84 1nto which a memory
card 86 (see F1IGS. 1 and 3A) can be placed in communicative
connection. Memory card 86 (which can be 1n communica-
tive connection with the microprocessor of the testing mod-
ule) can, for example, provide data storage and print record
capability 1n addition to that available 1n testing module 10
without memory card 86. In the case that a battery pack 90 or
a network 1nterface 120 (see FIGS. 6 A and 6B) as described
below 1s not 1nstalled, an end cap 110 (see FI1G. 3B) 1s pret-
crably placed 1n connection with flange 24'. End cap 110 can,
for example, provide protection for memory card 86 and other
components positioned within the confines of flange 24'.

As illustrated, for example, in FIG. 9, communication con-
nections are provided between a testing module and the gas
detector 1n operative connection therewith as well as between
connected testing modules of the present invention. Using
such communication connections, a single memory card 86
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can communicate with a plurality of testing modules con-
nected 1n series. Likewise, as 1llustrated in FIGS. 6 A and 6B,
a network module 120 can be placed in communicative con-
nection via a communication port 89 (see FIG. 3A) with the
last testing module of a series of connected testing modules to
provide network communication (either wireless or wired
network communications as known in, for example, the com-
puter arts) with all testing modules of the series. Communi-
cation port 89 and a cooperating communication port 89' (see,
for example, FIGS. 1, 2A and 2B0 can also be used to effect
communication between connected testing modules.

In a similar manner, communication can be provided
between gas container modules 200 which are connected 1n
series and/or between gas container modules 210 and testing
modules 10, 10q, etc. or other networked components. Com-
munication from gas container modules 200 can, for
example, be desirable 1n the case that gas container modules
210 include one or more sensors 250 adapted to read data
from one or more indicators 410 and 410a on gas containers
400 and 400a, respectively, as 1llustrated 1n FIG. 6A. Indica-
tors 410 and 410a can, for example, provide data on the
composition, pressure, volume etc. of gas contained therein,
which can beread by one or more sensors 250 of gas container
modules 210 and, for example, communicated to testing
modules 10 and/or 10a. Indicators 410 and 410a can, for
example, be RFID (radio frequency identification) tags.
Alternatively, indicators 410 and 410a can be optical bar
indicators as known 1n the art, in which case, sensors 250 can
be optical scanners as known in the art. Likewise, many other
indicator/sensor pairs are suitable for use in the present inven-
tion.

As best illustrated 1n FIG. 6 A, the bottoms of the testing
modules and the gas container modules of the present inven-
tion can be made to be sufficiently flat to enable use of the gas
testing systems of the present invention on a table 600 or other
surface. Furthermore, the rearward side of the testing mod-
ules and gas container modules of the present invention can be
formed with approprated cooperating connectors to allow
attachment thereotf to one or more DIN rails. In FIG. 10, for
example, gas container module 210 1s illustrated with con-
nectors 229 on a rearward side thereof to connect gas con-
tainer module 210 to DIN rails 700. DIN rails 700 can, for
example, be mounted on a wall using mounts 710 as known 1n
the art.

In several embodiments of the present invention, the rear-
ward or back portions or sections of the housings for the
testing modules and the gas container modules (which
include the inlets, outlet, communication ports etc.) were
tabricated to be generally 1dentical (see, for example, FIGS.
1.3A, 5B and 5C. Different front section where then attached
to the back sections to form the testing modules and the gas
container modules.

Although the present invention has been described in detail
in connection with the above embodiments and/or examples,
it should be understood that such detail 1s 1llustrative and not
restrictive, and that those skilled 1n the art can make variations
without departing from the mvention. The scope of the mnven-
tion 1s mdicated by the following claims rather than by the
foregoing description. All changes and vanations that come
within the meaning and range of equivalency of the claims are
to be embraced within their scope.

What 1s claimed 1s:

1. A testing module for use with a gas detector, comprising;:

a housing;

a seating connected to the housing and adapted to operably
connect the gas detector to the testing module;
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a plurality of gas inlets connected to the housing, each gas
inlet adapted to pass a gas therethrough;

a plurality of gas outlets connected to the housing, each gas
outlet being in fluid connection with one of the gas
inlets: and

the plurality of gas outlets being configured on the housing
in generally the same configuration as the plurality of
inlets are configured on the housing and each of the
plurality of outlets being adapted to mate with and form
a fluid connection with one of a plurality of inlets of a
second like testing module, wherein once such fluid
connections are made, gases can tlow from the outlets of
the testing module into the inlets of the second like
testing module.

2. The testing module of claim 1 further comprising a
communication system to receive information and to transmuit
information.

3. The testing module of claim 2 wherein the communica-
tion system 1s provided to transmit and receive communica-
tions between the testing module and the second like testing,
module when connected.

4. The testing module of claim 1 further comprising a data
input system and a data output system.

5. The testing module of claim 1 further comprising a flow
control system adapted to provide tlow from at least one of the
plurality of gas inlets to the gas detector.

6. The testing module of claim 1 wherein the plurality of
gas 1nlets are configured 1n a generally linear configuration.

7. The testing module. of claim 1 wherein each of the
plurality of inlets comprises a barbed connector.

8. A gas detector testing system, comprising:

at least one testing module for use with a gas detector,
comprising:

a testing module housing;

a gas detector seating connected to the testing module
housing and adapted to operably connect the gas
detector to the testing module;

a plurality of inlets connected to the testing module
housing, each inlet of the at least one testing module
being adapted to pass a gas therethrough;

a plurality of outlets connected to the testing module
housing, each outlet of the at least one testing module
being in fluid connection with one of the gas inlets of
the at least one testing module; and

the plurality of outlets of the at least one testing module
being configured on the testing module housing 1n
generally the same configuration as the plurality of
inlets of the at least one testing module are configured
on the testing module housing and each of the plural-
ity of outlets of the at least one testing module being
adapted to mate with and form a fluid connection with
one of a plurality of inlets of a second like testing
module, wherein once such fluid connections are
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the at least one testing module into the plurality of

inlets of the second like testing module; and
at least one gas container module for use with a gas con-
tainer, comprising:
a gas container module housing;
a gas container seating connected to the gas container
module housing and adapted to receive the gas con-
tainer,

a plurality of gas inlets connected to the gas container

60
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the at least one gas container module being adapted to
pass a gas therethrough:;
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a plurality of gas outlets connected to the gas container
module housing, each of the plurality of gas inlets of
the at least one gas container module being 1n fluid
connection with one of the plurality of gas outlets of
the at least one gas container module; and

the plurality of gas inlets of the at least one gas container
module being configured on the gas container housing
in generally the same configuration as the plurality of
gas outlets of the at least one gas container module are
configured on the gas container housing and each of
the plurality of gas inlets of the at least one gas con-
tainer module being adapted to mate with and form a
fluid connection with one of a plurality of gas outlets
on a gas container housing of a second like gas con-
tainer module, wherein once such fluid connections
are made, gases can flow from the plurality of gas
outlets of the second like gas container module 1nto
the plurality of gas inlets of the at least one gas con-
tainer module;

the plurality of inlets of the at least one testing module
being configured on the testing module housing 1n
generally the same configuration as the plurality of
gas outlets of the at least one gas container module are
configured on the gas container module housing and
cach of the plurality of inlets of the at least one testing,
module being adapted to mate with and form a fluid
connection with one of the plurality of gas outlets of
the at least one gas container module, wherein once
such fluid connections are made, gases can flow from
the plurality of gas outlets of the at least one gas
container module 1nto the plurality of gas inlets of the
at least one testing module.

9. The system of claim 8 wherein the at least one gas
container module further comprises a gas container conduit in
fluid connection with one of the gas outlets of the at least one
gas container module at a first end, the at least one gas con-
tainer conduit being adapted to form a connection with the gas
container at a second end thereof.

10. The system of claim 9 further comprising a demand
regulator 1n fluid connection with the second end of the gas
container conduit.

11. The system of claim 9 wherein the at least one gas
container module comprises at least X gas inlets I, through I
and at least X+1 gas outlets O, though O__ ,, wherein the first
end of the container conduit 1s 1 fluid connection with gas
outlet O,, and each gas inlet I, 1s 1n fluid connection with gas
outlet O,_ .

12. The system of claim 11 wherein the at least one gas
container module comprises two gas inlets I, and I, and at
least three outlets O, through O,

wherein the first end of the gas container conduit 1s 1n fluid

connection with outlet O,, ilet 1,15 1n flud connection

with O, and 1nlet I, 1s 1n fluid connection with outlet O,.

13. The system of claim 12 wherein the outlet O, 1s adapted
to mate with and form a fluid connection with gas inlet I,' of
the second like gas container module and outlet O, 1s adapted
to mate with and form a fluid connection with gas inlet I,' of
the second like gas container module.

14. The system of claim 13 further comprising a connector
to mate with and form a connection with outlet O,.

15. The system of claim 12 wherein the at least one gas
container module further comprises an air inlet connected to
the housing of the at least one gas container module and being
in fluid connection with an air outlet connected to the housing
of the at least one gas container module, the air inlet being
adapted to mate and form a fluid connection with an air inlet

of the second like gas container module.
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16. The system of claim 8 wherein the at least one gas
container module further comprises a communication sys-
tem.

17. The system of claim 16 further comprising a sensor 1n
communicative connection with the communication system
of the at least one gas container module, the sensor being
adapted to read data from the gas container.

18. The system of claim 8 wherein the plurality of gas inlets
of the at least one gas container module are arranged 1n a
series on a first section of the housing of the at least one gas
container module and the plurality of outlets of the at least one
gas container module are arranged 1n a series 1 a second
section of the housing of the at least one gas container mod-
ule, the at least one gas container module further comprising
a container conduit in fluid connection with one of the plu-
rality of gas outlets of the at least one gas container module at
a first end, the container conduit being adapted to form a
connection with the gas container at a second end thereof,
cach of the plurality of gas inlets of the at least one gas
container module being in fluid connection with one of the
plurality of gas outlets of the at least one gas container module
such that when a plurality of like gas container modules are
connected 1n a series, a gas exiting each gas outlet of the at
least one gas container module 1s determined by a position 1n
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the series of gas container modules of the one of the gas
container modules seating a corresponding gas container.

19. The system of claim 8 wherein the at least one testing
module turther comprises a communication system to receive
information and to transmit information.

20. The system of claim 19 wherein the communication
system of the at least one testing module 1s provided to trans-
mit and recetve communications between the at least one
testing module and the second like testing module when
connected.

21. The system of claim 8 wherein the at least one testing,
module further comprises a data input system and a data
output system.

22. The system of claim 8 wherein the at least one testing,
module turther comprises a flow control system adapted to
provide tlow from at least one of the plurality of gas ilets to
the gas detector.

23.The system of claim 8 wherein the plurality of gas inlets
of the at least one testing module, the plurality of gas outlets
of the at least one testing module, the plurality of gas inlets of
the at least one gas container module and the plurality of
outlets of the at least one gas container module are configured
in a generally linear configuration.
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